Differential Hill activity of centrifugally fractionated chloroplast particles was first dcemonstrated in the classic investigation of Thomas et al. in 1953 (23) . Their studies showed that the rate of reaction decreased with a decrease in particle size. Spherical particles of about 1 X 106 A3 (ca. 130 A diam) retained on the order of 50 % of the original activity of the spinach grana mixture from which they hacl been sedimented. On the other hand, Park and Pon (17) stated that in their differentially centrifuged spinach chloroplast fractions, there was no change in Hill activity with particle size. Becker et al. (4) have presented evidence that decreased chloroplast particle size does indeed change Hill reaction rates, but that the change is not necessarily a decrease. Relatively large chloroplast fragments, which sedinmented at centrifugal forces of not more than 50,000 X g but more than 1,000 X g, exhibited higher Hill activity than smaller fragments isolated at higher centrifugal forces or than isolated intact chloroplasts. They further demonstrated that the highest activity resided in a fraction which sedimented between 20,000 and 50,000 X g (3) .
The literature cited above contains information which at present appears contradictory. It leads to the question: when the chloroplast is disrupted into fragments of various sizes, is there any carrelation between particle size and Hill reaction rate?
The present report offers evidence in support of the view that there is no simple relationship between Hill activity and particle size. Our previous suggestion that activity is related not just to size but to an optimal chemical composition and molecular or- ' Received July 20, 1964. 
Materials and Methods
Cliloroplast Isolationi. The leaves of common spinach, Spinacia oleracea, purchased from a local market, were used as the source of chloroplasts for these studies. Before a preparative procedure for chloroplast isolation was selected, the following variables were explored: conditions and duration of leaf storage, method of cell rupture, solution composition, osmotic conditions and conditions for chloroplast isolation and storage.
The procedure which was developed is schematized in figure 1 . It is the same as that reported previously (4), except that minced leaves were homogenized for 12-second periods instead of 15-second Wri- ods. Also, chloroplasts were washed twice instead of once, since Leech and Ellis (15) had shown that 2 washings greatly decreased transaminase activity w-hich is generally associated with mitochondrial contamination of chloroplast preparations. The washed chloroplasts were treated in the ultrasonic vibrator for 3 instead of 2 3-minute periods. The purity of our intact washed chloroplasts (WC in fig 1) Hall (10) , by placing a droplet of particle suspension on a dustfree grid. The excess solution was absorbed with a piece of filter paper, and the preparation was gently washed with successive droplets of distilled water. Finally, the grid, resting on a clean glass slide in a petri dish, was dried overnight in a desiccator. In some experiments polystyrene latex particles 880 A in diameter were mixed with the suspension before mounting.
Untreated and miietal-slhadowed specimens were examined. Germanium, or gold and palladium alloy, or gold and nichrome alloy were used for metalshadowing. An Hitachi HS-6 electron microscope was used for some observations. To obtain better resolution, an Hitachi HU-11 was employed.
Experimental Results
Hill Reaction Rate. To determine whether Hill activity changed during the time requiredl to obtain all fractions, several fractions from the samie batch of spinach were assayed shortly after the fraction was first obtained, again after the last fraction was isolated, and once more on the following day. The relative electron transfer activity of the fractions remained the same even after storage for 24 To correlate 0, evolution and electron transfer activity, fractions were assayed manometrically and spectrophotometrically.
The theoretical relationship between -electron transfer activity and 0, evolution is such that 4 in supernatant was twice that in saline. Although in both aliquots the activity declined from the starting level, the rate of decay was retarded by exposure to the supernatant.
If the activity differential observed between slowly and rapidly isolated CF70 145 (table IV) was caused by extended contact with the supernatant one would expect that reexposure of the rapidly isolated fraction to the supernatant from which it had been separated would cause an activity decline. This was not the case. As a matter of fact, the supernatant apparently exerted a protective effect against activity decay (itable V).
To determine whether this might be a general effect of the supernatant, the experiment was repeated using CF20 50 as a test fraction. Clearly, anything which could increase the activity of this fraction which already was a more optimal fraction than any other one isolated, would be desirable. Table V also shows the results of this experiment. Again, no difference was noticed -after 3 to 4 hours, but after 24 hours, the activity of the aliquot exposed to supernatant was only 60 % of that of the aliquot in saline. There is no satisfactory explanation for these effects at this time. It is possible, however, that the answer resides in the slightly different nature of the supernatants to wlhich the 2 fractions were exposed.
Effects of Chloride and Phosphate Anions on Hill Reaction. Jagendorf and Krogmann (13) have shown that whole chloroplasts suspended in 0.4 to 0.5 M sucrose and diluted with 0.35 M NaCl at pH 6.3 have an electron-transfer activity 5 to 10 times that of whole chloroplasts in sucrose alone. The effect is thought to be related to permeability and to an uncoupling of Hill activity from photophosphorylation (11 (table VII) .
It was predicted from sedimentation times and the consideration that the particles were typical spherical proteins (table VII) that the size range in CF20 50 would vary from 1 500-A-diameter particles, which are the smallest particles which theoretically could be completely sedimented, to particles no larger than 2300 A. Larger fragments would have sedimented during the previous centrifugation at 20,000 X g (CF1 20). Yet, electron micrographs (fig 2) indicated a much wider range of fragment sizes. Since it is unlikely that particles much smaller than 1000 A and virtually impossible that particles larger than 2300 A were originally sedimented in CF20 50, these must have formed aggregates either because of a natural affinity or as an artifact of the method of preparing the specimens. Nevertheless, the large fragments appear to be aggregates of the smaller particles in the suspension. Similar (9) . Assuming a molecular weight of 900 for chlorophyll, the fractional molecular weight of this pigment in CF.,050 would be 14.4 X 106 and the total weight of an average CF20 50 particle would be 14.4 x 107. Another approximation of the particle molecular weight is possible by calculating from the sedimentation constant of 800 S (9) and assuming a particle density of 1.17 like that of the quantasome (19) (9) . A first approximation of the molecular weight of 38 S is 3.5 x 106. Thus, the CF173 particles, like 308 S, could be small quantasome aggregates of 2 or 3 subunits or might themselves be considered the fundamental subunits for photosynthetic electron transfer (9) . In fact they are at present the smallest units unequivocally demonstrated to show Hill activity. We propose that these 38 S units be termed "polyquantasomes." On this basis, CF20 -5 particles would comprise 30 to 40 functional subunits of photosynthesis. It is this construction which appears to endow CF20 50 with high electron transfer capacity.
Further correlative studies of the chemiistry and structure with Hill activity of the centrifuged chloroplast fractions are essential to substantiate or refute the concept that more than 1 type of basic photosynthetic unit may exist and that functional capacity depends upon the molecular balance and orientation in these units as well as the number an (Iarrangement of the units in relation to each other.
Summary
A fraction with high Hill activity has been (ifferentially centrifuged between 20,000 and 50,000 X g from sonically iruptured isolated spinach chloroplasts. This fraction has been compared under a variety of conditions with other fractions isolatedl at higher and lower centrifugal forces. It has been characterized physiologically and by particle size an(l has been shown to be extremely stable. It appears from centrifugal fractionation and electron microscopy to be composed of photoactive subunits. These subunits are larger than those presumed by the present quantasome model and arie thought of as fundamental functional units of photosynthesis. Hypothetically, the fraction is a highly efficient oxygen-evolving, structured complex composed of functional subunits, which, when separ-ated from the organized structure, are less efficient.
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